I. In the present study we used single-unit recording techniques in alert rhesus monkeys to investigate a precerebellar nucleus, the nucleus reticularis tegmenti pontis (NRTP), for neurons related to vergence and ocular accommodation.
INTRODUCTION
The nucleus reticularis tegmenti pontis (NRTP) has reciprocal connections with the cerebellum and receives input from a number of cortical and subcortical areas (see Blanks 1988 for a review). This nucleus has been reported in various mammalian species to be involved in the control of conjugate eye movements. Studies in rats, rabbits, and cats have emphasized the importance of this nucleus for optokinetic nystagmus (e.g., Cazin et al. 1980; Kato et al. 1982; Maekawa et al. 198 1; Precht and Strata 1980) . In contrast, studies in primates have emphasized the presence of neurons in this nucleus that are related to smooth pursuit or saccadic eye movements (Crandall and Keller 1985; Keller and Crandall 198 1; Suzuki et al. 1990, 199 1) . However, to our knowledge, there have been no studies of the potential involvement of this nucleus in the control of vergence and accommodative eye movements. Also, because we have reported on neurons related to the far response in the posterior interposed nucleus of the cerebellum (Gamlin 1991; Zhang and Gamlin 1994) ) which receives input from NRTP (e.g., Gonzalo-Ruiz and Leichnetz 1990; Murakami et al. 198 1) , we decided to investigate this nucleus for signals related to vergence and accommodation.
Our single-unit recording studies in medial NRTP identified many cells with activity related to either the near or to the far response. Stimulation at the sites of these neurons often produced changes in vergence angle and accommodation. These studies strongly suggest that the NRTP is involved not only in the control of conjugate eye movements but also in the control of disconjugate eye movements. A preliminary report of these findings has appeared elsewhere (Gamlin and Clarke 1992).
METHODS
Two juvenile rhesus monkeys (Macaca mulatta) were used in this study. All experimental procedures were approved by the Institutional Animal Care and Use Committee and complied with the guidelines set by the US Department of Health and Human Services (NIH) Guide for the Care and Use of Laboratory Animals. Surgical and behavioral training procedures, which have been reported previously (Gamlin et al. 1989 )) are only briefly described.
A binocular visual stimulator based on the original design of Crane and Clark ( 1978) and similar to one used previously by us (Gamlin et al. 1989 ) was used in this study. Ocular accommodation was measured using a recording infrared optometer. Using a Kopf microdrive, a parylene-insulated tungsten microelectrode contained within a 26-gauge cannula was advanced through a 21-gauge hypodermic syringe used to puncture the dura. Unit activity was sharply filtered at >5 kHz and the occurrence of a spike was detected with a window discriminator and recorded to the nearest 0.1 ms. The horizontal and vertical gains of each eye were calibrated independently at the beginning of each recording session. Horizontal and vertical eye position, accommodation, and target position were sampled and stored at 1,000 Hz. Stored data were analyzed off-line using a Sun Sparcstation IPC computer equipped with interactive graphics. Eye positions, vergence angle, accommodation, and unit data were displayed and periods of steady fixation before and after vergence and accommodative eye movements of various amplitudes were manually delineated by a cursor. For successive lOO-or 200-ms samples over these delineated periods, averages were computed of horizontal and vertical eye position, accommodation, vergence angle, and average unit firing rate. A scatterplot of firing rate of the cell as a function of vergence angle during normal binocular viewing yielded a measure of the static or position sensitivity of the cell for vergence angle or accommodation.
Because each animal was used for several months, it was not possible to make marking lesions at all relevant sites. However, the location of the trochlear and oculomotor nuclei provided important information regarding location, and the X -Y location of our micropositioner and the depth of cells of interest were always noted. To more accurately verify the location of our recording electrodes, marking lesions were made during the last 2 wk of recording. The marking lesions were recovered and recording sites reconstructed using established histological procedures (Gamlin et al. 1994). In C and D, to ensure that any change in activity as a result of conjugate eye movement would be evident, the animal was required to view a target at 2 MA and 2 diopters to increase the firing rate of the neuron. Scale bar in A = 2 MA and 2 diopters; scale bar in C and D = 4".
RESULTS
tionship between vergence angle and firing rate for this
We recorded single-unit activity related to vergence and ocular accommodation in the NRTP. The activity of the neurons described below is representative of the 65 cells recorded in two alert, behaving rhesus monkeys. On the basis of microdrive readings and subsequent histological reconstruction, all recorded neurons were encountered within the medial NRTP. This does not exclude the possibility that neurons with activity related to vergence and ocular accommodation might also be present in the lateral NRTP or the pontine nuclei, because these areas were not systematically investigated in this study.
Single-unit recording from the medial NRTP identified 32 cells that had a firing rate that increased as a function of increases in convergence and accommodation.
An example of one of these cells is shown in Fig. 1 . Figure  1A shows the behavior of this cell during a normal binoccell during binocular viewing at a number of different vergence angles. Figure 1 , C and D, shows that the activity of this neuron does not change during smooth pursuit eye movements or saccadic eye movements, respectively. The activity of other near response neurons was also unaffected by these conjugate eye movements. Also, in the dark, all near response neurons had low firing rates that appeared correlated with the dark vergence angle of the animal.
We encountered 33 cells whose firing rate increased with decreases in convergence and accommodation. An example of one of these cells is shown in Fig. 2 . Figure 2A shows the behavior of this cell during a normal binocular eye movement in which convergence and accommodation increased. Figure 2B summarizes the overall relationship between vergence angle and firing rate for this cell during binocular viewing of targets at a range of vergence angles. ular eye movement in which convergence and accommo-The activity of this cell did not alter during either smooth dation increased. Figure 1 B summarizes the overall rela-pursuit eye movements (Fig. 2C) ments (Fig. 20) . The activity of other far response neurons playing saccade-related activity. Indeed, as shown in the was also unaffected by these conjugate eye movements. schematic in Fig. 3B , marking lesions confirmed that reAlso, in the dark, all far response neurons had relatively low cording sites were in the medial NRTP at a location similar firing rates that appeared correlated with the dark vergence to that reported for saccade-related neurons (Crandall and angle of the animal.
Keller 1985 ) . Microstimulation at the site of near and far response neurons often elicited changes in vergence angle and accommodation. In many cases, with the same stimulation parameters as were required to elicit changes in vergence angle and accommodation, saccadic eye movements were elicited. On these occasions the evoked saccade and vergence eye movement often occurred together. In some cases microstimulation elicited changes in vergence angle and ocular accommodation but did not produce significant saccadic eye movements. Figure 3A shows one of these cases in which microstimulation applied at the site of a far response neuron produced a well-defined far response.
DISCUSSION
On the basis of X-Y positioner readings, neurons with activity related to vergence and accommodation were encountered over a rostrocaudal extent of the medial NRTP of -1.5 mm. These neurons were almost always encountered caudal to neurons with retinal slip or smooth pursuit sensitivities but often within -500 pm of neurons disPrevious studies in cats have suggested that the cerebellum is involved in the control of ocular accommodation (Bando et al. 1979; Hosoba et al. 1978) . Our more recent studies in alert rhesus monkeys have also indicated a role for the cerebellum in vergence and accommodative eye movements (Gamlin 199 1; Zhang and Gamlin 1994) . In addition, singleunit recordings from neurons in the flocculus have indicated that the activity of some is modulated by viewing distance (Miles et al. 1980) . However, to our knowledge, there have been no studies to identify the sources of these cerebellar vergence and accommodation signals. The results of the present study clearly indicate that many neurons in the medial NRTP increase their firing rates for the near or the far response. In the primate the NRTP has been reported to project to the flocculus (e.g., Langer et al. 1985) , to the HR HL VA ACC TIME (seconds) oculomotor vermis and paravermis (e.g., Brodal 1980; Yamada and Noda 1987) , and to the fastigial (e.g., Noda et al. 1990 ) and interpositus nuclei (e.g., Gonzalo-Ruiz and Leichnetz 1990) . Thus the near and far response neurons in NRTP could provide at least some of the vergence and accommodation signals that have been reported in these various cerebellar regions.
The medial NRTP receives its major cortical input from the frontal eye fields and from subcortical regions that include the superior colliculus and pretectum (see ButtnerEnnever and Btittner 1988 for a review).
Because a near response area has been reported in the region of the pretecturn and anterior superior colliculus (Judge and Cumming 1986; Mays et al. 1986 ), the near response signals seen in the NRTP could presumably arise from neurons in this pretectal region. However, an equal number of neurons in the NRTP are active for the far response and probably do not receive their input from this near response region. A possible source of this far response input, and also potentially the near response input, is the frontal eye fields. This region of frontal cortex, which was originally shown to be involved in saccadic eye movements (e.g., Goldberg and Bushnell 1981), has more recently been reported to be involved in smooth pursuit eye movements (Gottlieb et al. 1993 (Gottlieb et al. , 1994 MacAvoy et al. 1991) . It is possible that the frontal eye fields are involved in all voluntary eye movements, including vergence and ocular accommodation. Further studies will be required to address these issues.
In summary, this study reveals that the NRTP, a nucleus with well-documented involvement in conjugate eye movements, is also involved in disconjugate eye movements. Specifically, many neurons in the medial NRTP are related to either the near or far response. Because the NRTP is known to receive cortical afferents and to have reciprocal connections with the cerebellum, these neurons could form part of a cerebropontocerebellar pathway modulating or controlling vergence and ocular accommodation.
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